Objective: Dietary patterns capture the overall diet and thereby provide information on how nutrients are consumed in combinations, and have been suggested to be a better method than studying single nutrients. The present study explored the relationship between dietary patterns at baseline and incidence of obesity at 10-year follow-up in women. Design: A longitudinal study using baseline measurements from 1992-1996, including food intake, medication, heredity, socio-economic status, lifestyle and measured body composition, and follow-up data collected in 2002-2006 including measured body composition. Setting: Data from the Västerbotten Intervention Programme (VIP) in Sweden. Subjects: A total of 6545 initially non-obese women aged 30-50 years. Results: Among women reporting plausible energy intakes, the 'Fruit and vegetables cluster' predicted the highest incidence of obesity (OR 5 1?76, 95 % CI 1?11, 2?76; P 5 0?015) compared with women in the other food pattern groups combined. When adjusting for metabolic factors and BMI at baseline, the risk for obesity in the 'Fruit and vegetables cluster' was attenuated to non-significance. In contrast, high intake of fruit per se was associated with a decreased risk of developing obesity (OR 5 0?69, 95 % CI 0?51, 0?91; P 5 0?010). Conclusions: Dietary pattern groups identified by cluster analysis are likely to reflect characteristics in addition to diet, including lifestyle, previous and current health status and risk factors for future disease, whereas intake of fruit per se was a stable indicator and less affected by baseline characteristics. These results underscore the need for complementary methods in understanding diet-disease relationships.
. Lifestyle factors such as physical inactivity and diet contribute to the development of obesity (2, 4) . The relationship between diet and obesity is complex and difficult to estimate, due to the low accuracy of dietary data collected among free-living persons (5, 6) . The methodological approach to describing the association between diet and diseases has often focused on a single nutrient or specific nutrients (7, 8) . Analysis of dietary patterns has been suggested to be a better approach for studying diet-disease relationships, as dietary patterns define the overall diet and thereby provide information on how nutrients are consumed in combinations (9) (10) (11) . Prospective studies have found associations between a low intake of fruit and vegetables and an increase in weight, BMI and waist-to-hip ratio (8, 12) . One advantage of prospective, as opposed to cross-sectional, studies is that reported dietary intakes are less likely to be biased by the knowledge of outcome (13) . However, biases may still exist that could confound the diet-disease association even with prospective designs. For example, misreporting of food intake and past dietary modifications might be important confounders in diet and disease relationships also in prospective studies (14, 15) . The largest ongoing population-based prospective study of diet and anthropometry measurements in Sweden is the Västerbotten Intervention Programme (VIP). Between 1992 and 2005, a total of 60 000 men and women were recruited. Four dietary patterns have recently been identified among the women and three among the men. In the present study of initially non-obese women, we explore the relationship between the VIP dietary patterns at baseline and incidence of obesity at 10-year follow-up. Furthermore, we hypothesize that biases in dietary reporting at baseline may distort the relationship between diet pattern and body weight change.
Materials and methods

Study base
Since 1985, all inhabitants in Västerbotten county in northern Sweden have been invited by their primary health-care centre for a health check-up and to answer a diet and lifestyle questionnaire, when they turn 30, 40, 50 and 60 years of age. The annual participation rates on average have been about 60 % of the invited population, and only marginal differences in background characteristics between participants and non-participants have been found (16) . The assessment of dietary intake was initially performed with an FFQ containing eighty-four food items; however, from 1996 a version with sixty-four food items also was introduced (17) . Among participants aged 40-60 years 40?8 % had filled in the eighty-four-item version, and among the 30-year-old participants 83?7 % had filled in the eighty-four-item version. Furthermore, data collected before 1992 were not optically readable and therefore were not included in the present study (17) . The present study includes data collected between 1992 and 2006 on women between 30 and 50 years of age who had their first health check-up during the years 1992-1996, who had filled in the eighty-four-item FFQ and who had a follow-up in the years [2002] [2003] [2004] [2005] [2006] . The VIP subsample used in the present study thus consisted of 8560 women. The project was approved by the regional Ethics Committee, University of Gothenburg, Sweden.
Diet intake assessment and food intake level Dietary intake was assessed with the eighty-four-item self-administered FFQ and frequency of food intake was reported on a nine-level scale from none to $4 times daily (17) (18) (19) . Portion sizes were indicated by colour photographs of four plates with a gradient of increasing portion size for staple food, meat and vegetables (20) . Daily intakes were calculated by multiplying frequency of intake by a portion size value using the national food composition database (19) (20) (21) . Energy and nutrient contents were calculated using the software MATs (Rudans Lättdata 1994, Västerås Sweden). Food intake level (FIL), i.e. the ratio between reported total energy intake and estimated BMR, was used to assess the accuracy of diet intake data (22) . Dietary patterns have previously been assessed within the whole VIP cohort using an a posteriori approach by k-means cluster analysis (17) . Four mutually exclusive dietary clusters were identified among the women and labelled: 'High fat' (high intake of high-fat spreads and high-fat milk products); 'Tea and ice cream' (high consumption of tea and ice cream); 'Coffee and sandwich' (high consumption of coffee, low-fat spread and cold cuts); and 'Fruit and vegetables' (high consumption of fruit, vegetables, chicken, fish, red meat and boiled potatoes) (17, 18) . Each woman was classified to one of the four identified patterns.
A post hoc hypothesis was that fruits and vegetables per se were related to obesity development. To test this, total fruit and vegetable intakes were extracted from the FFQ and the response to each food item was converted into an average daily intake for each individual participant. All intakes of fruit (including berries) and vegetable items were summarized into one fruit intake variable and one vegetable intake variable. High intake per se was defined as above the 75th percentile, i.e. a fruit intake of 1?34 items/d and a vegetable intake of 0?84 items/d (17) . (23) . In evaluating the incidence of obesity, women were dichotomized into those who developed obesity or not.
Analytical sample
Women were excluded from further analysis if at baseline they were defined as underweight or obese (n 1117), with missing FIL or unrealistic FIL levels (values below the 5th percentile or above the 97?5th percentile of the FIL distribution; n 539), with missing data on dietary pattern (n 230) or with missing data on level of physical activity (n 129).
A total of 6545 women with acceptable data on portion sizes, intake frequencies and FIL were included. The mean duration of follow-up was 9?9 years and age at baseline was between 28?7 and 51?8 years.
Identification of low and high energy reporters FIL was compared with physical activity level (PAL), which equals the ratio of total energy expenditure to BMR (24) . PAL was estimated from self-reported level of physical activity at work and at leisure time (25) . Physical activity at work was defined according to how the women described activity level at work and categorized as follows: level 1 5 sedentary (sitting still); level 2 5 very light (work that comprises very light activities); level 3 5 light (work that comprises light activities) and moderate (postman on bicycle); and level 4 5 heavy (heavy industrial work). Level 1 and level 2 were jointly considered as very light work activity. Physical activity at leisure time was defined according to how often physical activity was completed and categorized into five categories: never, not regularly, regularly 1-2 times/week, regularly 2-3 times/week and regularly .3 times/week.
Women with FIL below the lower 95 % confidence interval limit of the calculated PAL were defined as low energy reporters, women within the confidence interval limits were defined as adequate energy reporters and women above the upper 95 % confidence interval limit were defined as high energy reporters. The latter group was small and therefore combined with the adequate energy reporters.
Social variables
Age was treated as a continuous variable. Length of education in years was categorized into low education (,13 years) and high education ($13 years). Cohabiting status was categorized as living single (cohabiting with children was categorized as single) or as married/cohabiting. Living area was categorized in two categories: living in area with #15 000 or .15 000 inhabitants. Alcohol intake was divided into: abstainers (,5 g alcohol daily) and users ($5 g alcohol daily). Current smokers were categorized as smokers, and never smokers/previous smokers were considered as non-smokers. Women who participated in leisure-time physical activity more than once weekly were defined as physically active and those reporting less were considered to have a sedentary lifestyle.
Biomedical risk factors
Blood specimens were obtained from the participants for standard measurements of serum lipids and capillary blood was used for a glucose tolerance test. Serum lipids, blood glucose and blood pressure were categorized as high or low levels according to the guidelines of the Swedish Medical Products Agency for prevention of CVD (26) . Increased serum cholesterol was defined as $6?5 mmol/l, increased serum TAG was defined as $1?7 mmol/l. Hyperglycaemia was defined as fasting blood glucose $7?0 mmol/l or 2 h post-test blood glucose value $11?0 mmol/l (27, 28) . High blood pressure was defined as systolic blood pressure $140 mmHg and/or diastolic blood pressure $90 mmHg.
Information about heredity was collected by the following questions at the health check: 'Have either of your parents or siblings developed cardiovascular heart disease or stroke before the age of 60?' and 'Are either of your parents or siblings suffering from type 2 diabetes?'.
Furthermore, the women also reported their intake of medications for high blood pressure, CVD and high lipids.
Statistical analysis
Differences in baseline characteristics between those who did and did not develop obesity were evaluated using Student's t test and the x 2 test. Differences among the four dietary patterns in the incidence of obesity were investigated using the x 2 test. For further analyses the four dietary patterns were re-grouped into two patterns: 'Fruit and vegetables cluster' and 'Mixed pattern group' ('High fat', 'Tea and ice cream' and 'Coffee and sandwich' combined), to explore a 'healthy dietary pattern' with the other patterns.
Multivariate logistic regression models were used to estimate the associations between dietary intake ('Fruit and vegetables cluster', 'Mixed pattern group', high intake of fruit or vegetables) and the risk of developing obesity as odds ratios with 95 % confidence intervals. In the regression models estimation high intake of fruit or vegetables per se was defined according to the fourth quartile of intake. Three multivariate models were then used. The first model included age, socio-economic factors (education, cohabitation status and living area) and lifestyle factors (smoking, alcohol and leisure-time activity) as covariates. The second model included age, baseline BMI, heredity for CVD, heredity for type 2 diabetes, medication (for CVD, high lipids, high blood pressure) and biomedical risk factors (high total cholesterol, high TAG, high blood pressure, hyperglycaemia) as covariates. The final model included all covariates mentioned above.
All analyses were stratified for adequacy of energy reporting (low or adequate). All tests were two-sided and significance was assumed at P , 0?05. The statistical analyses were performed using the SPSS statistical software package version 16?0 (SPSS Inc.).
Results
At baseline the mean BMI was 23?7 (SD 2?6) kg/m 2 ; after 10 years of follow-up 535 (8?2 %) of the initially nonobese women had developed obesity, of whom 490 (7?5 %) were overweight at baseline. The mean baseline BMI was significantly higher (P , 0?001) and FIL was significantly lower (P 5 0?009) in women who later developed obesity, compared with women who did not develop obesity (Table 1) . At baseline, the women who later developed obesity were more often current smokers (P 5 0?017) and had more heredity for CVD (P 5 0?005) and type 2 diabetes (P , 0?001). Further, women who later developed obesity had a higher proportion of biomedical risk factors (P 5 0?002, P , 0?001 and P , 0?001 for high cholesterol, TAG and blood pressure, respectively) and were more often taking medications for hypertension already at baseline (P , 0?001).
When analysing all women together, no significant differences in the incidence of obesity were found among the four dietary patterns at baseline (P 5 0?282). The three groups 'High fat', 'Coffee and sandwich' and 'Tea and ice cream' showed similar obesity outcome; these groups were therefore combined into a single 'Mixed pattern group', which differed marginally from the 'Fruit and vegetables cluster' (P 5 0?076; Fig. 1 ). However, when stratifying for misreporting among adequate energy reporters, women in the 'Fruit and vegetables cluster' at baseline had the highest incidence of obesity compared with women in the 'Mixed pattern group' (P 5 0?015; Fig. 1 ).
Among adequate and low reporters combined, the overall risk of developing obesity among women in the 'Fruit and vegetables cluster' compared with the 'Mixed pattern group' was OR 5 1?32 (95 % CI 0?97, 1?79; P 5 0?076; Table 2 ). This marginally elevated risk was not due to misreporting of energy, as it was statistically significant only among adequate energy reporters (OR 5 1?76, 95 % CI 1?11, 2?76; P 5 0?015; Table 2 ).
In a multivariate model adjusting for differences in age, baseline BMI, heredity, medication and biomedical risk factors, the risk of developing obesity in the 'Fruit and vegetables cluster' compared with the 'Mixed cluster group' in adequate energy reporters was attenuated to OR 5 1?43 (95 % CI 0?78, 2?62; P 5 0?242; Table 2 ). This was true also in the final model in adequate energy reporters adjusting for age, baseline BMI, heredity, medication and biomedical risk factors, socio-economic factors and lifestyle factors (OR 5 1?47, 95 % CI 0?80, 2?69; P 5 0?212; Table 2 ).
Among women in the 'Fruit and vegetables cluster' (adequate energy reporters), 62 % of the women exhibited a high fruit intake per se and 81 % exhibited a high vegetable intake per se. In Table 3 , the relationships between high daily intakes of fruit and vegetables per se and incidence of obesity are shown. There was no significant association between daily intake of vegetables per se and the risk of developing obesity, either in low energy reporters (OR 5 1?04, 95 % CI 0?73, 1?46; P 5 0?850) or in adequate energy reporters (OR 5 1?12, 95 % CI 0?84, 1?51; P 5 0?435). These results were not affected by further multivariate adjustment (Table 3) . Similarly, a high daily intake of fruit per se was not significantly associated with obesity among low energy reporters (OR 5 0?97, 95 % CI 0?70, 1?33; P 5 0?842). However, among adequate energy reporters daily fruit intake showed a significant protective effect on obesity (OR 5 0?69, 95 % CI 0?51, 0?91; P 5 0?010), which remained significant in a final multivariate model adjusting for age, baseline BMI, heredity, medication and biomedical risk factors, socio-economic factors and lifestyle factors (OR 5 0?67, 95 % CI 0?47, 0?97; P 5 0?035; Table 3 ).
Discussion
An unexpected association between the 'Fruit and vegetables cluster' and higher incidence of obesity was initially seen in the group judged to be adequate energy reporters at baseline. Specifically, the 'Fruit and vegetables cluster' had a higher risk to develop obesity after 10 years of follow-up compared with women in the 'Mixed pattern group' ('High fat', 'Coffee and sandwich', 'Tea and ice cream' combined). However, the relationship became attenuated when adjusting for biomedical risk factors at baseline in multivariate models. In exploring fruit and vegetable intake further, high daily intakes of fruit and vegetables per se were not related to the risk of developing obesity. Rather, among adequate dietary reporters, a high daily intake of fruit had a protective association with obesity and the association was robust even after adjusting for age, baseline BMI, heredity, medication and biomedical risk factors at baseline. These results add support to the need for complementary methods, beyond simply adjusting for age and lifestyle and socio-economic factors, in interpreting the diet-disease relationship. The present study may be contrasted with other prospective studies that have reported an inverse association, i.e. between dietary patterns characterized by high fibre intake and high intake of fruit and vegetables and annual negative change in BMI (29, 30) . However, in our study women who later developed obesity had a higher proportion of biomedical risk factors and of taking medications for hypertension already at baseline. Women at risk of gaining further weight might already have modified their diets due relatively high weight, medication and biomedical risk factors at baseline. Another explanation might be that patients with risk factors for the metabolic syndrome, such as hypertension, are more exposed to information and education on healthy food intakes at their health-care centre. These women may have given a socially desirable response when reporting diet intake in order to respond within expected standards (31, 32) . The risk of developing obesity with the 'Fruit and vegetables cluster' in the present study was not stable after adjusting for biomedical risk factors and some other factors at baseline. Likewise, Togo et al. showed that the inverse association between a pattern of high fruit and vegetable intake and obesity disappeared after adjusting for physical activity, smoking cessation and childbirth at baseline (33) . These results might indicate that cluster analysis based on dietary groups captures characteristics additional to those of dietary intake, such as family-related factors (31) . High daily fruit intake per se was, however, a stable indicator for not developing obesity after 10 years in our study. The inverse associations between high intake of fruit and obesity have been shown in other prospective studies not based on pattern analysis (12, 34) . Finally, cluster analysis is not well suited to analyse changes in diet over time. This is because clusters are generated inductively, meaning that different sets of clusters may be generated at different time points. This makes it challenging to classify diet changes over time. Methodological approaches including both dietary patterns and intakes of whole food items might be needed to avoid contradictory results in epidemiological studies.
Strengths of the present study were the prospective design with a large sample size and a follow-up time as long as 10 years. The four dietary patterns used in the study have been defined among over 30 000 women from Västerbotten (17, 18) . However, the use of self-reported diet intakes is subject to measurement errors and bias, and low energy reporters are a common problem in dietary studies (15, 25) . In our study the proportion of low energy reporters was high (58?9 %) compared with other studies (15, 33) . However, we used a strict definition for under-reporting by comparing individuals' estimated PAL (including both physical activities at work and leisure time) with FIL and this might have contributed to the higher Table 3 The odds for developing obesity at 10-year follow-up among women with high intakes of fruits and vegetables (according to the fourth quartile of intake per se) compared with women with low intakes: initially non-obese women (n 6545) aged 30- proportion of low energy reporters in our study. Furthermore, an FFQ with only eighty-four food items was used in our study and this might also have contributed to the high proportion of low energy reporters.
Other studies have shown that another source of bias in prospective studies concerning women and future body weight gain is gestational weight gain; however, such data were not available within the VIP study (35) .
Conclusions
An unexpected association between fruit and vegetable intake and incidence of obesity was found in the present study, in which the clusters predicted more obesity whereas the food groups did not. Among accurate energy reporters, non-obese women characterized as having a dietary pattern with high intakes of fruits and vegetables were most likely to become obese after 10 years. Concurrently, high intake of fruit per se had a protective effect on the risk of developing obesity, whereas no such trend was seen for high intake of vegetables. However, low energy reporting was not the explanation for the unexpected result. Rather, the 'Fruit and vegetables cluster' based on cluster analysis was associated with the women's baseline characteristics, whereas intake of fruit per se was a stable indicator and less affected by baseline characteristics. We conclude that food pattern analysis should be used within caution in studying the diet-obesity association, because such definitions of dietary behaviour may introduce characteristics that are not solely related to the food of interest.
